Direct cleavage of AMPA receptor subunit GluR1 and suppression of AMPA currents by caspase-3: implications for synaptic plasticity and excitotoxic neuronal death.
Cysteine proteases of the caspase family play central roles in excecuting the cell death process in neurons during development of the nervous system and in neurodegenerative disorders. Recent findings suggest that caspases may also play roles in modulating neuronal plasticity in the absence of cell death. We previously reported that caspases can be activated in dendrites and synapses in response to activation of glutamate receptors. In the present study we demonstrate that the GluR1 subunit of the AMPA subtype of glutamate receptor is directly cleaved by caspase-3, and provide evidence that the cleavage of this subunit modulates neuronal excitability in ways that suggest important roles for caspases in regulating synaptic plasticity and cell survival. Whole-cell patch-clamp recordings in cultured rat hippocampal neurons showed that caspase activation in response to apoptotic stimuli selectively decreases AMPA channel activity without decreasing NMDA channel activity. Perfusion of neurons with recombinant caspase-3 resulted in a decreased AMPA current, demonstrating that caspase-3 activity is sufficient to suppress neuronal responses to glutamate. Exposure of radiolabeled GluR1 to recombinant caspase-3 resulted in cleavage of GluR1, demonstrating that this glutamate receptor protein is a direct substrate of this caspase. Our findings suggest roles for caspases in the modulation of neuronal excitability in physiological settings, and also identify a mechanism whereby caspases ensure that neurons die by apoptosis rather than excitotoxic necrosis in developmental and pathological settings.